The Selectatec Vaporising System is a quick change system consisting of anaesthetic vaporisers of the Tec 3 and Tec 4 models and the compatibility manifold block on which these are seated on the anaesthetic machine backbar. There have been reports of difficulties with the seating and locking of the vaporisers which can cause a leak andfailure of vapour delivery. The Faculty of Anaesthetists, Royal Australasian College of Surgeons (now Australian and New Zealand College of Anaesthetists) issued a hazard alert in March 1991 drawing attention to this potential fault. I We present two cases of awareness associated with failure of internal seals within a Selectatec compatibility manifold block which did not have a detectable leak.
Key Words: ANAESTHESIA, EQUIPMENT: vaporisers, failure CASE 1 A 19-year-old, 55-kg woman presented for emergency craniotomy for the evacuation of an acute extradural haematoma. She was fully conscious but nauseated and anxious. Following pre-oxygenation and application of standard monitoring, rapid sequence induction and intubation were performed using thiopentone 275 mg, suxamethonium 75 mg and alfentanil 1.1 mg. Anaesthesia was maintained with isoflurane, an alfentanil infusion at 1.0 Ilg/kg/min and vecuronium 6 mg. Ventilation with air/oxygen at a minute volume of 6.0 Vmin produced end-tidal carbon dioxide 30 mmHg.
Prior to induction, the patient's heart rate was 1I8/min and systolic blood pressure (SBP) 120 mmHg. Following induction, with isoflurane set to 2%, heart rate fell to 65/min and SBP fell to 85 mmHg and the patient was transferred to the operating theatre and another anaesthetic machine. Heart rate remained around 70/min and SBP 100 mmHg during draping, with isoflurane set to 1 %. These increased briefly on skin incision but appeared to respond to titration of isoflurane up to 2%, settling to 65-75/min and 115-130 mmHg respectively. The remainder of the anaesthetic and recovery were uneventful. However, the following day the patient reported recall of the sensation of the craniotomy drill although she had not experienced pain nor discomfort.
CASE 2
A 40-year-old, 71-kg woman was anaesthetised for laparoscopy followed by laparotomy and ovarian cystectomy. She had a past history of severe migraines and nausea after previous general anaesthetics. Following pre-oxygenation, anaesthesia was induced with methohexitone 70 mg, morphine 10 mg, droperidol 1 mg and atracurium 40 mg, and the patient was intubated and ventilated. Anaesthesia was maintained with isoflurane, set to 2%, in air and oxygen.
Approximately 30 minutes after induction it was noted that SBP had risen from the pre-induction value of 120 mmHg to 150 mmHg, the pulse had risen to 100/min, and the patient's pupils were moderately dilated. The gas mixture was then changed to 66% nitrous oxide in oxygen and the isoflurane reduced to 1.0-1.5%, which resulted in a reduction of the blood pressure, pulse rate, and pupil size. The remainder of the procedure was uneventful. When the patient was visited postoperatively she reported awareness during early parts of the operation, including the shave, laparotomy incision, and the inspection of her eye.
Both cases occurred with the same anaesthetic machine in which circuit oxygen and nitrous oxide but not volatile anaesthetic concentrations were measured. No fault was detected using the machine check recommended by the Faculty2 (now College) of Anaesthetists. A volatile anaesthetic agent monitor (Ohmeda 5250 RGM) on loan from the distributors was used for the case following case two and showed a lower circuit concentration than would have been expected from the vaporiser setting. This prompted further investigation of the vaporiser and anaesthetic machine.
METHOD
The suspect anaesthetic machine and a selection of vaporisers were tested in the laboratory with a volatile anaesthetic agent monitor (Ohmeda 5250 RGM). The anaesthetic machine, ventilator, and breathing system were set up to deliver a tidal volume of 600 ml and minute ventilation of 6 l/min, with a two-litre reservoir bag acting as a test lung. A fresh gas flow of 6 l/min was used and a circle and a Bain system were tested. The breathing system was flushed with 100% oxygen, then nitrous oxide introduced until there was a steady state concentration of 50%. The vaporiser was turned on and increased by 1 % increments up to 5%. After sufficient time for wash-in (approximately 5 minutes), the circuit concentration at each vaporiser setting was recorded, measured at both the catheter mount and at the common gas outlet. Three vaporisers were tested; one was the suspected vaporiser (Tec 4 isoflurane) while two other vaporisers (Tec 3 isoflurane and Tec 4 halothane) which had recently been calibrated and serviced were also tested.
The test was repeated after installing a new Selectatec manifold on the anaesthetic machine.
RESULTS
All vaporisers delivered less anaesthetic agent than their settings when tested on the anaesthetic machine with the suspect manifold. The circuit concentrations of anaesthetic agent ranged from 50% of the vaporiser setting in the suspect vaporiser, to 80% of the vaporiser setting in the . . calibrated vaporisers (Figure 1) . Throughout testing the measurements for oxygen and nitrous oxide concentrations remained constant. When the test was repeated using the new manifold, it was found that the circuit concentration was consistent with the vaporiser setting for all vaporisers (Figure 1) . The original manifold was tested at the servicing centre (NZIG Medishield) and all six internal seals were found to be faulty, all showing deterioration preventing correct seating of the ball valves (Figure 2 ).
DISCUSSION
This report identifies a fault not detectable with the standard anaesthetic machine check recommended by the Faculty and demonstrates the value of volatile agent monitoring devices. The fault was caused by improper seating of ball valves against faulty ring seals which allowed fresh gas to bypass the vaporiser and therefore reduce the delivery concentration. This fault does not result in an external leak and does not interfere with the seating of the vaporiser and therefore will not be apparent on the recommended machine check.
Anaesthesia and Intensive Care. Vo/. 20. No. 4. November. 1992 The local agent suggested that the fault resulted from inadequate servicing of the Selectatec manifold. Since instalment (approximately 9 years ago), maintenance had consisted only of three monthly replacement of the '0' rings at the inlet and outlet ports and annual replacement of the locking wire spring in accordance with the prevailing recommendation. Following the discovery of the fault described here, the local agent is now recommending a full servicing of the manifold annually, including maintenance of the internal seals.
Malfunctions of the Selectatec vaporiser manifold block have previously been reported, but to our knowledge this is the first report of a fault of the internal seals of the manifold and the only report of awareness due to a fault in the Selectatec system. Previous reported faults have included one incident where, in a manifold mounted on a cardiopulmonary bypass pump, a blood clot jammed the inlet valve in the off position and resulted in the gas supply not flowing through the vaporiser when switched on. 3 Another report described the delivery of a hypoxic gas mixture with the vaporiser at low settings when the two springs in the inlet port valve were inadvertently reversed at servicing on a machine with a N 2 0/0 2 proportion limiting control. 4 Anaesthesia and Intensive Care. Vo/. 20. No. 4. November. 1992 These reports demonstrate the importance of servicing of Selectatec manifolds. Our case highlights in particular the necessity for regular maintenance of the internal components of the manifold, particularly the seals, which in our department will now be replaced annually. We also show the value of anaesthetic agent monitors in the detection of equipment faults and the prevention of complications such as awareness.
